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Abstract:

Background: Recreational marijuana has been legalized in eleven
jurisdictions; Canada will legalize marijuana by July 2018. With this
changing landscape, there is a need to understand the public health risks
associated with marijuana to support individual patient-care provider
conversations, harm reduction measures and evidence-informed

policy. Thus, the objective of this work is to summarize the immediate,
short-term and long-term health effects of exposure to second and third-
hand marijuana smoke.

Methods: A systematic review was completed. Six databases were
searched from inception until June 10, 2016. Abstract and full text review
were conducted in duplicate. Studies were included if they investigated the
impact of second or third-hand marijuana smoke in vivo or in vitro.
Results: Of the 1459 abstracts identified, 56 proceeded to full text

review. The final dataset contained 18 articles. There is evidence of a
direct relationship between THC content of marijuana and effects on those
passively exposed. This relationship is mediated by a number of
environmental factors including the amount of smoke, ventilation, air
volume, number of marijuana cigarettes lit, and the number of smokers
present. No evidence was identified assessing third-hand smoke exposure
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nor the long-term health effects of passive exposure.

Interpretation: Passive exposure leads to cannabinoid metabolites in bodily
fluids and individuals experience psychoactive effects after exposure to
secondhand smoke. Alignment of tobacco and marijuana smoking bylaws
may result in the most effective public policies. More research to
understand the impact of third-hand exposure and the long-term health
outcomes of passive exposure is required.
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> 28  ABSTRACT
2 29  Background: Recreational marijuana has been legalized in eleven jurisdictions; Canada will
8 30 legalize marijuana by July 2018. With this changing landscape, there is a need to understand the
9
10 31  public health risks associated with marijuana to support individual patient-care provider
11
ig 32 conversations, harm reduction measures and evidence-informed policy. Thus, the objective of
14 . . . . .
15 33 this work is to summarize the immediate, short-term and long-term health effects of exposure to
16
17 34  second and third-hand marijuana smoke.
18
:zlg 35  Methods: A systematic review was completed. Six databases were searched from inception until
21 . .
22 36 June 10, 2016. Abstract and full text review were conducted in duplicate. Studies were included
23
24 37  if'they investigated the impact of second or third-hand marijuana smoke in vivo or in vitro.
25
g? 38  Results: Of the 1459 abstracts identified, 56 proceeded to full text review. The final dataset
28
29 39  contained 18 articles. There is evidence of a direct relationship between THC content of
30
g; 40  marijuana and effects on those passively exposed. This relationship is mediated by a number of
3 . . . . .

2 4 41  environmental factors including the amount of smoke, ventilation, air volume, number of
35
36 42 marijuana cigarettes lit, and the number of smokers present. No evidence was identified
37
gg 43 assessing third-hand smoke exposure nor the long-term health effects of passive exposure.
40 . . . . . .
41 44  Interpretation: Passive exposure leads to cannabinoid metabolites in bodily fluids and
42
43 45  individuals experience psychoactive effects after exposure to secondhand smoke. Alignment of
44
jg 46  tobacco and marijuana smoking bylaws may result in the most effective public policies. More
47
48 47  research to understand the impact of third-hand exposure and the long-term health outcomes of
49
50 48  passive exposure is required.
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BACKGROUND

Marijuana is the most frequently used illicit drug in the United States. ' A 2014 nationally
representative U.S. study found that 7.2% of individuals had used marijuana in the past 12
months.” There are a variety of modes to smoke marijuana, including: in a joint, in a blunt
(rolled in tobacco-leaf paper from a cigar), using a pipe, and using a water pipe or bong. Each of
these modes carries with it its own health concerns. Among users, the most frequent methods of
consumption were by combusting marijuana (76.3%), followed by edibles or drinks (16.1%), and

vaporizing (7.6%).”

Harms of direct marijuana use from the literature include a higher risk of developing mental
illness, being involved in a motor vehicle accident, and negative effects on brain development in
adolescents.” However, the effects of passive exposure to marijuana smoke remain largely
unknown. Effects of passive exposure to tobacco smoke, including both second- and third-hand
smoke, have been reported.*™® Exposure to secondhand smoke, which is “smoke exhaled by a
smoker or is emitted from the burning cigarette that is then inhaled by an individual in close
proximity”,” from tobacco is known to cause fetal anomalies, reproductive complications,

_ . . : 46,10
respiratory disease, cancers and cardiovascular disease.” ™

The potential effects of third-hand
smoke, which is “residual tobacco smoke pollution that occurs after smoking™ are now also
being reported.''* These effects include DNA damage from exposure to non-gaseous particles
that react with nitrous acid in the environment.'> While investigation into the health harms from

passive exposure to marijuana smoke is limited, there is preliminary evidence from an animal

model that shows endothelial function is impaired post-exposure.'®

Where marijuana remains an illegal substance, it is difficult to impose regulations or health
warnings to try to limit both direct and passive exposure to humans; causing concern for public
health. In the last 5 years recreational marijuana has been legalized in six jurisdictions: Uruguay,
Alaska, Colorado, Oregon, Washington and Washington D.C. On November 8, 2016, five
additional U.S. States voted on proposals to legalize marijuana; the proposals passed in Nevada,
California, Maine, Massachusetts, and failed in Arizona. Canada plans to legalize marijuana in
2018 and it is likely that more U.S. States and jurisdictions will legalize marijuana in the coming

years. With this changing landscape in mind, there is a need to better understand the public and
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4
1
2
2 88 individual health risks associated with passive marijuana smoke exposure. The objective of this
5
6 89  work is to synthesize the available evidence on the immediate, short-term and long-term effects
7
8 90  of exposure to second and third-hand marijuana smoke. This information will be important to
9
ig 91  support evidence-informed policy, the public health risks associated with marijuana and to
12
13 92  support individual patient-care provider conversations to reduce harm.
14
15 93
16
17
18 94 METHODS
19
20 95  Data Sources
21
5:23 96 A systematic review on the effects of exposure to second- and third-hand marijuana smoke was
24

25 97  conducted. Six databases (MEDLINE, the Cochrane Database of Systematic Reviews,

27 98 EMBASE, PsychINFO, CINAHL, and the HTA database) were searched from their inception
99  until June 10, 2016. A library and information specialist developed the search strategies. The
32 100 search was conducted using all MESH terms referring to marijuana (e.g. ganga, bhang, hashish,
34 101 pot, shatter, weed) and MESH terms referring to potential outcomes from passive exposure to
37 102 marijuana smoke (e.g. adverse reaction, cancer, positive drug test, urine level test, dependence).
39 103  The full MEDLINE search strategy is available in the online appendix. The PRISMA guidelines

4l 104  and reporting standards were followed throughout data acquisition and reporting.

43

4a 105

45

46 106  Study Selection
47

48 107  Abstract review was conducted independently by two reviewers. Inclusion criteria were: reported
51 108  in English or French; human, in vivo, or in vitro studies with more than one case; reported

53 109 original, quantitative data; and reported any outcome (e.g. blood or urine analysis,

110 tetrahydrocannabinol (THC) levels in the air). Abstracts were excluded if they failed to meet all
58 111 the inclusion criteria thus all case reports, commentaries, editorials, or letters were excluded.

60 112  Studies included by either reviewer proceeded to full text review, which was also conducted by
113 two independent reviewers. Any disagreements between reviewers were resolved through

114  discussion of the full text. If required, a third reviewer was consulted. After full text review, the
115  included studies were hand-searched for other relevant studies.

116

117  Data Extraction
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Data extraction was completed by two reviewers in 2016, and included details on the design of
the intervention, number of experimental trials, length of exposure, participant recruitment
methods, number of participants, inclusion criteria, and characteristics (e.g. demographics).
Three outcomes were extracted: 1) concentrations of THC and THC metabolites in blood, oral
fluid, and/or urine samples from both active and passive marijuana smokers; 2) air
concentrations of THC depending on environmental factors; and, 3) subjective self-reported

effects of secondhand smoke exposure.

Quality Assessment

For human studies, the quality of the included studies was assessed in duplicate using the Downs
and Black Checklist.'” There are five constructs of the Checklist: reporting, external validity,
internal validity - bias, internal validity - confounding, and power.'” The 27-item checklist
provides studies with a score of either one or zero for each criterion, with a higher score
indicating higher quality.'” The maximum score using this checklist is 28."” No quality

assessment tool was applied to in vitro studies.

Analysis

Records were categorized as studies that measured the chemical components of marijuana smoke
or those that investigated the immediate effects on individuals passively exposed to smoke.
Based on outcomes reported, the studies that investigated the immediate effects of exposure were
further categorized into three sub-categories: cannabinoids (e.g. THC) and metabolites in bodily
fluids, effects of ventilation on passive smoke effects, and psychoactive effects of passive
exposure. The findings within each category were synthesized qualitatively. Synthesis involved
reporting those aspects of the findings that were similar or, if there were discrepancies between
studies, reporting the differences in study design, methods, or execution that could account for

the differences.

RESULTS
One thousand four hundred and fifty-nine unique abstracts were identified. Of those, 56
proceeded to full text review, 18 of which were included in the final data set (Figure 1). The 18

records reported findings from 11 unique studies. Seven records reported from seven unique
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1 6
2

3 149  studies,'®?* and eleven records reported data from four studies.”>° Two of the records reported
4 p P

5

6 150  the same data from the same study in separate publications.”®* Details of each included study

-

8 151  are included in eTable 1.

9

10

11 152

12 . R 33-35

13 153  Three studies assessed the in vitro effects of smoke exposure on non-human cells and fifteen

15 154  studies were experimental studies on the immediate effects of smoke exposure on humans in a

17 18-32

18 155  controlled environment. The fifteen experimental studies all followed a similar protocol

20 156  where passive non-smokers sat in proximity to individuals who were actively smoking.
18,19,21-32

22 157 Physiological or psychological outcomes were measured after a period of exposure.

o5 158  None of the included studies investigated third-hand marijuana smoke.

27 159

28

ég 160  All included studies assessed short-term effects of passive exposure; none assessed long-term
31

32 161  health effects. Meta-analysis was not possible due to heterogeneous outcomes and reporting, and
34 162 therefore, the included studies have been narratively synthesized.

163

39 164  Using the Downs and Black quality assessment tool, all of the included studies were of low to
41 165  moderate quality. The average score for quality assessment was 17.8, with a range of 13%*- 22

43 25.26.29,30

a4 166 out of a possible score of 27. The studies with the highest quality scores were

46 167  experimental designs with multiple trials completed.?>*¢*

48 168

51 169 Immediate Clinical Outcomes from Passive Marijuana Smoke Exposure

53 170  Cannabinoids and cannabinoid metabolites in bodily fluids

171 Five reports from 3 studies assessed THC concentrations in oral fluid samples.”*>>°>? Eight

58 172 reports from 6 studies assessed THC metabolite concentrations in blood,l&zo’2 1.24.25.28-30 and

60 173 thirteen reports from 9 studies assessed THC metabolite concentrations in urine samples.'®2*2*2%
174 32 No direct relationship between the percent THC content in the smoked marijuana and THC

175  metabolites in the urine was observed (Figure 2).****'For example, four hours after exposure to
176  marijuana with 1.5% THC, one of five passively exposed tested over the 20 ng/mL threshold for
177  urine testing, while four hours after exposure to marijuana with 11.3% THC all exposed

178  participants tested over 15 ng/mL, with a maximum 28.3 ng/mL concentration cannabinoid

179  metabolites in the urine.'®?°
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200

201

202

203
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208

209

- . - . 18,20,21,24,25,28-30
Blood concentrations of THC were measured in eight reports from six studies. =777

Those passively exposed had lower blood concentrations of THC than active smokers; 22>

however, there were detectable amounts of THC in the passive smoker’s blood samples.”**'=*%
In one study, that used multiple trials to test marijuana of different percent THC content (5.3%
and 11.3%), there were no significant differences in the blood concentrations of THC and THC
metabolites between trial groups.?

Oral fluid concentrations of THC were reported in four reports from three studies. '~ All
studies found THC in the oral fluid of individuals who had been passively exposed to marijuana

23,3132
smoke.”””"

Two studies conducted multiple trials in ventilated and unventilated environments.”>’° The
ventilation was manipulated through opening a door,”’ or by altering the air circulation rate of

2630 The results of these studies demonstrated that

the ventilation-exhaust system in the room.
both urine THC metabolite concentrations and blood THC levels were higher in passive smokers
in an unventilated environment when compared to a ventilated environment.”>”*° Other factors
that mediated the effects of passive exposure included: air volume, number of passive inhalers,

THC content, number of marijuana cigarettes lit, and number of active smokers.***°

Psychoactive effects

Two studies reported the psychoactive effects reported by passive smokers; one study used a
validated measure (the Drug Effect Questionnaire) ' while the other study used a self-reported
feeling of “high”.'"*> Passive smokers exposed to marijuana with higher THC content reported
stronger drug effects (Figure 2).'** The same trend was reported in active smokers; those who
smoked marijuana with higher THC content reported feeling stronger drug effects.'* These
data indicate that passive and active smokers follow a similar pattern of intoxication; however,

passive smokers consistently report weaker drug effects than active smokers.*

Other effects
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8
1
2
2 210  In one study, passively exposed individuals reported discomfort and eye irritation due to smoke
5
6 211 in the room.”® During the experiment, all participants expressed discomfort.”® As a result, active
7
8 212 smokers ceased smoking when they would have continued.”®
9
10
11 213
12
13 214  In-Vitro Outcomes of Exposure to Passive Marijuana Smoke
14

15 215  One study investigated the chemical composition, genotoxicity, and/or cytotoxicity of passive

17 33-35

18 216  marijuana smoke compared to tobacco smoke in vitro. The findings in these reports

20 217  demonstrate that marijuana smoke is chemically similar to tobacco smoke, although with

22 718  different quantitative makeup of chemical components.”>

For example, marijuana smoke had
25 219  more ammonia, hydrogen cyanide, and select aromatic amines than comparative tobacco smoke,
27 220  although these compounds were detected in both kinds of smoke.* Furthermore, a study by the
221  same author found that marijuana smoke is more cytotoxic than tobacco smoke due to the
32 222  significant difference in the levels of hydrogen cyanide and other chemicals when compared to
34 223  tobacco smoke.*
224
39 225 Two reports from this study evaluated how concentrations of chemicals found in secondhand
41 226  marijuana smoke, such as hydrogen cyanide and ammonia, interfere with cellular processes and
44 227  compared the effects to those of tobacco smoke.**** One study found that marijuana smoke is
46 228  more cytotoxic and mutagenic than tobacco smoke.> The other study reported that secondhand
48 229 marijuana smoke is more disruptive to the steroid biosynthesis, apoptosis, and inflammation
51 230 pathways than secondhand tobacco smoke.*
53 231
232 DISCUSSION
58 233  Passive exposure to marijuana smoke can lead to cannabinoid metabolites in bodily fluids
60 234  sufficient for positive results on urine, blood, and oral fluid testing and can lead to experiences of
235  the psychoactive effects of marijuana among those passively exposed. There is evidence of a
236  weak dose-response relationship between THC content of cannabis and effects on those
237  passively exposed. There is evidence that the relationship that is mediated by environmental
238  factors including whether the air space is ventilated, volume of air, number of marijuana
239  cigarettes lit at one time, potency of the marijuana and number of smokers.

240
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The simulated environments within some of the included studies may not represent “real world”
scenarios. Some studies placed subjects in simulated environments where subjects were exposed
to smoke in closed rooms with controlled ventilation systems. In the context of legalization,
individuals may be passively exposed to secondhand marijuana smoke outside in parks or in
passing on the sidewalk. This type of exposure may not result in cannabinoid metabolites in
bodily fluids as the exposure may be of shorter time duration and less intense than in
unventilated areas. However, exposure in closed spaces such as in cafés, bars, and clubs may
occur depending on the regulations prohibiting smoking in indoor spaces. In addition, exposure
in unventilated spaces, such as in a vehicle or a small room in a private home, is still likely to
occur. Thus, the observed relationship between passive exposure and cannabinoid metabolites in
bodily fluids is likely to be generalizable to real-world contexts. Particularly in the presence of
children, the elderly, and those with respiratory illness, marijuana use in enclosed spaces should
be limited, ideally through public health measures and legislation in those jurisdictions where

marijuana is legalized.

In addition to protecting children, the elderly, and those with respiratory illness, in some domains
mirroring public health legislation to protect workers and the general public from secondhand
tobacco exposure will be appropriate. For example, bylaws forbidding smoking in indoor spaces
such as bars, nightclubs and in shared outdoor spaces such as beaches or parks should be
considered. As U.S. States develop their public policies to regulate marijuana consumption,
tobacco frameworks may be useful to inform control regulation. Alignment of tobacco and
marijuana smoking bylaws, with a coherent policy approach to exposures to smoke of any kind

may result in the most effective public policies.

Evidence suggests that the chemical composition of secondhand marijuana smoke is similar to
secondhand tobacco smoke although differences in the concentrations of the components
vary.>>** However, no studies report the long-term health effects of passive exposure to
marijuana smoke. Even in the absence of studies that report the long-term health effects of
passive exposure, clinicians should assess the risk of passive exposure in their patients and
advise marijuana users to limit their use to open outdoor spaces where regulations permit, similar

to tobacco use.
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10
1
2
3
4 272
5
6 273 Using levels of cannabinoid or THC metabolites found in blood or urine samples to determine
7
8 274  marijuana use or intoxication is challenging. There is no universal threshold that can differentiate
9
12 275  between those who have actively smoked marijuana and are intoxicated, those who have actively
12

13 276  smoked marijuana in the past, and those who have been passively exposed. In many jurisdictions
15 277  that have adopted thresholds for THC for drivers, 5.0 ng/ML for blood and 10 ng/ml are common
18 278  thresholds to indicate intoxication. 3% These levels are present in those passively exposed 4-8
20 279  hours after passive exposure within the studies included in this review. This raises questions
22 280  about whether there should be tolerance for individuals who produce positive urine tests and
o5 281  claim that it was due to passive it exposure.’’
27 282
283  As more jurisdictions legalize marijuana for recreational use individuals may feel that use in
32 284  common public areas or around children is acceptable and subsequently, harms associated with
34 285  secondhand exposure may also increase. In the current state of the literature on passive exposure
37 286  tomarijuana, it is difficult for clinicians to prepare to engage in thorough assessments of
39 287 marijuana exposure with patients, as they would with tobacco and for policymakers to make
41 288  evidence-based decisions. Future research to inform the development of effective
44 289  communication tools, prevention strategies, and policies to minimize harms to individual users
46 290 and society is required.
48 701
51 292  Our systematic review did not identify any studies reporting the effects of passive exposure on
53 293 long-term outcomes nor the effects of thirdhand smoke. In addition, none of the included studies
294  investigate long-term exposure. Participants were not followed beyond the experiment, and it is
58 295 not known how repeated exposure or one-time exposure to marijuana smoke may impact one’s
60 296  health. Given the known harms associated with active marijuana use such as mental illnesses,
297  brain developmental changes, respiratory illnesses, and poor prenatal outcomes, the impact of
298  passive exposure on long-term outcomes requires further study. These important areas will
299  remain controversial. However, in the absence of evidence, based on the learnings from tobacco,
300 afocus on harm reduction and limiting passive exposure may be prudent.
301

302 Limitation
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11

One limit of the search strategy is that non-English and non-French studies were excluded, and
the included studies were conducted primarily in Anglophone countries. Furthermore, the
included records are limited in transferability due to small sample sizes and the homogeneity of
the population studied. The body of literature assessing passive marijuana exposure employs an
experimental study design that may not be generalizable more broadly. However, it is likely that
under some regulatory conditions people will be passively exposed in similar ways to those of
the trials enhancing the generalizability to the “real world”.”” Additionally, the study designs of
included studies do not investigate effects in individuals who have been repeatedly exposed to
passive marijuana smoke; all study participants were exposed for short periods of time. Exposure
would likely be longer if individuals had been visiting with a friend of family where marijuana

smoke was present.

CONCLUSIONS

Individuals retain THC metabolites in their bodies and report the experience of psychoactive
effects after exposure to secondhand smoke. On a cellular level, marijuana smoke has similar
chemical components to tobacco smoke, though they are present in different amounts. While
these studies provide support for the biological plausibility for the relationship between
secondhand marijuana exposure and negative health outcomes, there is a gap in the literature on
the health outcomes from secondhand marijuana smoke exposure. If second hand exposure has
similar health risks as direct marijuana use, it may be associated with conditions such as
respiratory and cardiac diseases, as well as mental illness.*** However, high-quality research on
the long and short term health outcomes secondhand marijuana smoke are still required to
confirm these possible risks. Given the current state of knowledge, coherent policy approaches to

exposures to smoke of any kind may result in the most effective harm reduction policy.
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Figure Titles:

Figure 1. PRISMA Flow Chart of Identified Citations

Figure 2. Urine levels of THC metabolites and subjective effects in individuals passively
exposed to marijuana smoke by percent THC content in an unventilated environment, four to
eight hours’ post-exposure. When more than 1 study reported a urine THC or psychological

effect, estimates from each study are reported.
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Figure 1. PRISMA Flow Chart of Identified Citations
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Figure 2. Urine levels of THC metabolites and subjective effects in individuals passively exposed to marijuana smoke by percent

THC content in an unventilated environment, four to eight hours’ post-exposure. When more than 1 study reported a urine THC or

psychological effect, estimates from each study are reported.

©CoO~NOUTA,WNPE

46 For Peer Review Only



©CoO~NOUTA,WNPE

APPENDIX

Passive Marijuana Smoke and Health Impacts and Harms

Search Strategy

MEDLINE (882 abstracts)

1. Cannabis/ae, de, pd, po, to [Adverse Effects, Drug Effects, Pharmacology, Poisoning,
Toxicity]

2. exp Marijuana Abuse/

3.1or2

4. Tobacco Smoke Pollution/

5. exp Environmental Exposure/

6. (exposure or exposed or involuntary or passive or second hand or secondhand or thirdhand or
third hand).tw,kw.

7.4o0r5o0r6

8.3and 7

9. ((bhang or bhangs or bhangstar or cannabutter or cannabis® or doobie* or ganga or gangas or
ganja or ganjas or grass or hash* or hashish* or hemp or hemps or honeycomb or mary jane* or
marihuana* or marijuana*® or moon rock or pot or reefer* or roach* or shatter or weed) adj3

(exposure or exposed or involuntary or passive or second hand or secondhand or thirdhand or
third hand)).tw.

10. (addicted or addiction or adverse event® or adverse reaction* or behavioral or behavioural or
birth defect® or blood pressure or cancer® or cogniti* or death* or dependenc* or developmental
or (drug* adj3 interact*) or effect or effects or fetal or faetal or harm or harms or impact or
impacts or impair* or lung or lungs or morbidit* or mortalit* or negative drug test* or oral fluid
test™ or outcome or outcomes or poison* or positive drug test* or psycho* or pulmonary or
respiratory or risks or safety or (saliva adj3 (level* or test*)) or (urine adj3 (level* or test*)) or

toxic*).tw.
11.9and 10
12. 8 or 11
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13. limit 12 to (english or french)
14. limit 13 to (case reports or comment or editorial or letter)

15. 13 not 14

©CoO~NOUTA,WNPE

16. limit 15 to "review"
11 17. 15 not 16
13 18. limit 17 to (meta analysis or systematic reviews)

15 19. ((systematic or critical or scoping) adj3 (overview* or

review™ or synthesis)).tw.
18 20. 15 and 19
20 21. 17 or 18 or 20
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eTable 1: Characteristics of Included Studies
Author, Intervention Patient Selection Number of | Patient Reported Quality
Year of Included Characteristics Outcomes Assessment
Publication, Participants
Country
Cone, Intervention: Drug-free non-smokers were exposed to Participant Selection: Participants recruited Smokers:6 | NR Oral fluid, whole 22
2015, marijuana smoke from individuals smoking marijuana in | through newspaper ads, flyers posted on a blood, self-report
United a controlled environment laboratory over three sessions. university campus and around the community, and of drug effects
States The potency and ventilation of the environment was by word-of-mouth Inclusion Criteria for smokers: . (Drug Effects
X . . on- NR . .
changed between each of the sessions. self-reported use of cannabis at least two times per smokers: 6 Questionnaire —
Multiple trials: (1) 5.3% THC in unventilated week during the past 90 days and did not test visual analogue
environment, (2) 11.3% THC in unventilated positive for any other illicit substances scale)
environment, (3) 11.3% THC in ventilated environment Inclusion Criteria for non-smokers: Healthy
individuals who self-reported lifetime cannabis use
but had not used cannabis or any other illicit drugs
in the past 6 months.
Cone, Intervention: Drug-free non-smokers were exposed to Participant Selection: Participants recruited Smokers:8 3 females, 5 Total cannabis use 22
2015, marijuana smoke from individuals smoking marijuana in | through newspaper ads, flyers posted on a males with an (weight), Urine
United a controlled environment laboratory over three sessions. university campus and around the community, and average age of 29 | analysis
States The potency and ventilation of the environment was by word-of-mouth Inclusion Criteria for smokers: (SD 6) years, and
changed between each of the sessions. self-reported use of cannabis at least two times per an average BMI
Multiple trials: (1) 5.3% THC in unventilated week during the past 90 days and did not test of 25.6 kg/m?
environment, (2) 11.3% THC in unventilated positive for any other illicit substances
environment, (3) 11.3% THC in ventilated environment Inclusion Criteria for non-smokers: Healthy Non- 9 females, 9
individuals who self-reported lifetime cannabis use | smokers: males with an
but had not used cannabis or any other illicit drugs 18 average age of 28
in the past 6 months. (SD 7) years, and
an average BMI
of 24.7 kg/m®
Cone, Intervention: Individuals with drug-free urine samples Participant selection: NR Smokers: 0 | NR Room-air 20
1987, were exposed to the smoke of marijuana cigarettes with Inclusion criteria for smokers: NA concentrations of
United 2.8% THC under double-blind conditions Inclusion criteria for non-smokers: Healthy, drug- THC, Urine
States Multiple trials: 5 trials, 3 with 4 cigarettes (one free subjects with history of marijuana use with 14 | Non- All males, analysis
ventilated, one not) and 2 with 16 cigarettes (all consecutive days of cannabinoid-free urine tests; smokers:7 average age 36
unventilated) two cannabis-naive subjects who were members of years, average
the research team weight of 74.7 kg
Cone, Intervention: Individuals with drug-free urine samples Participant selection: NR Smokers: 0 | NR Urine analysis 22
1986, were exposed to the smoke of marijuana cigarettes with Inclusion criteria for smokers: NA (EMIT 20, 100),
United 2.8% THC under double-blind conditions Inclusion criteria for non-smokers: Healthy, drug- whole blood
States Multiple trials: 3 trials, one with 4 cigarettes and two free subjects with history of marijuana use with 14 | Non- All males, analysis, pulse,
with 16 cigarettes, one with five previous cannabis users | consecutive days of cannabinoid-free urine tests; smokers:7 average age 36 blood pressure,
and one with two cannabis-naive subjects two cannabis-naive subjects years, average Measured by
weight of 74.7 kg | subscales of the
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1
2
3 Addicti
t
4 Resel;r(l:(l)lrlCenter
5 Inventory, a single-
6 dose questionnaire,
7 and1 a visual analog
scale
8 Cone, Intervention: Individuals with drug-free urine samples Participant selection: NR Smokers: 0 | NR Urine analysis 19
9 1936, were exposed to the smoke of marijuana cigarettes with Inclusion criteria for smokers: NA (EMIT 20, EMIT
10 United 2.8%. THC under dguble-blind conditions Inclusion criteria for non-smokers: Healthy, drug- 100), whole blood
States Multiple trials: 3 trials, one with 4 cigarettes and two free subjects with history of marijuana use with 14 analysis, Subscales
11 . X . 2 . X SIS, Su e
with 16 cigarettes, one W%th five previous cannabis users | consecutive days of cannabinoid-free urine tests; of the Addiction
12 and one with two cannabis-naive subjects two cannabis-naive subjects Research Center
13 Non- All males, .
1 smokers:7 average age 36 flnventory: .smgle.:-
ose questionnaire
years, average . ’
15 weight of 74.7 kg V_ls“all a‘;?l‘}’l% stcalke’
circular lights task,
16 digi
git-symbol
17 substitution task
18 Herrmann, Inte{'.vention: Drug-freqnopﬁmokers were exposed to Participant Selection: Participants were recruited Smokers: 7 | 4 males, 3 Total weight of 22
19 201.5’ marijuana smokf: from individuals smoking marijuana in | from Baltimore, MD using media advertising and females with an cannabis smoked.
20 United a covntr_olled environment laboratory over three sessions. word-of-mouth average age of blood, urine, heart
21 States Unlimited marijuana was provided to smokers. Inclusion Criteria for smokers: 18-45 years old, 29.4 (SD 5.8) rate, blood
20 Mulfzple trials: (1) 11.3% TH(; in unventilated use cannabis at least two times per week during the and an average pressure, Drug
- ?ﬁ/lrpnmer}llt, (2) 11.3% THC in ventilated environment past 90 days, provide urine sample that is THC BMI of 25.6 Effect
air-exchanges per hr) positive and negative for other drugs, negative kg/m? Questionnaire
24 breath alcohol reading at screening and day of Divided attention
25 session, BMI 19-34kg/m?, not pregnant or nursing Non- 3 males, 3 task (DAS), digit
Inclusion Criteria for non-smokers: 18-45 years smokers: females with an symbol substitution
26 old, cannabis use at least once but not during the 12 average age of task (DSST), paced
27 past 6 months, provided urine sample negative for 28.7 and an auditory serial
28 all drugs, negative breath alcohol reading at average BMI of addition task
N . 2 2
29 screening and session, BMI 19-34kg/m™, not 25.3 kg/m (PASAT)
pregnant or nursing
30
31 -
32 Law, Intervention: Nonsmokers were exposed to marijuana Participant selection: NR Smokers: 6 | NR Gas- 13
1984, smoke (9.8% THC) in a small, unventilated room Inclusion criteria for smokers: NR Non- chromat
N aph
. . . R © Ography
33 U?uted Multiple trials: No Inclusion criteria for non-smokers: NR smokers:4 determined
34 Kingdom T}'meline of exposure: Smokers c_onsumed their cannabis environmental
35 cigarette .(whlch t.opk 10 to 34 .mmL}tes), and then the exposure, Urine
36 nonsmoking participants remained in the room for three analysis, whole
hrs blood analysis
37 ’
(using
38 : _ ' radioimmunoassay)
Maertens, Intervention: Tobacco and marijuana cigarettes were NA NA NA Cytotoxicit 18
39 ; ) yt Ys
2009, combusted and sidestream and mainstream smoke was mutagenicity.
40 Canada passed through a filter and the condensates were tested . i-
P ug sal concentration of bi
41 (;; gten(_)tqt?c(lgl (CSalntlonelllz}t rg;ltagenlclty) and nucleoid cells
42 cytotoxici not reporte
43 Multiple trials: Two trials — one at ‘standard’ smoking
44
45
46 F i
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conditions and the other at ‘extreme’ smoking conditions

Maertens, Intervention: Tobacco and marijuana cigarettes were NA NA NA Cytotoxicity, RNA 17
2013, combusted and mainstream smoke was passed through a extractions,
Canada filter and the smoke condensates were collected (THC microarray
not reported) hybridization
Multiple trials: One trial was conducted with tobacco
and the other with marijuana
Moir, Intervention: Combustion of cannabis cigarettes in a NA NA NA Quantify content of 16
2007, controlled environment and systematic comparison of mainstream and
Canada the contents of both mainstream and side stream side stream
marijuana and tobacco smoke marijuana and
Multiple trials: No tobacco smoke
Moore, Intervention: Passive exposure to marijuana in a Dutch Participant selection: Volunteers, selection Smokers: NR Air cannabinoid 19
2011, “coffee shop” strategy not reported 16 in Trial content (Quantisal
United Multiple trials: 2 trials in 2 different coffee shops, with Inclusion criteria for smokers: Any active smoker 1, 6 in Trial collection device),
States varying numbers of active smokers (varying % THC) in the coffee shop during the 3-hr exposure 2 Oral fluid
timeline Non- 5 males, average (Quantisal
Inclusion criteria for non-smokers: Healthy non- smokers:10 | age 22.8 years, collection device)
marijuana smokers weight 84 kg,
height 1.9 m,
BMI 233; 5
females, average
age 23.8 years,
weight 62.4 kg,
height 1.71 m,
BMI21.2
Morland, Intervention: Subjects were exposed to marijuana and Participant selection: Volunteers, selection Smokers: 5 | NR Blood cannabinoid 16
1985, hashish smoke in a small, unventilated car strategy not reported Nom- = males. 3 levels (RIA), urine
Norway Multiple trials: First trail with hashish (1.5% THC), Inclusion criteria for smokers: Not reported kers10 females’ “of analysis (EMIT)
second trial with marijuana (1.5% THC) Inclusion criteria for non-smokers: Healthy, SMOKers. L
L normal weight in
cannabis naive individuals . .
relation to their
height, age, and
sex.”
Mule, Intervention: In the first part of this experiment, smokers | Participant selection: Not reported Smokers: 8 | All male, 5°9”- Urine analysis 18
1988, were asked to smoke cannabis as they usually do and Inclusion criteria for smokers: Occasional (1 6’17 tall, (EMIT)
United observed. In the second part, non-smokers were exposed | cig/week) or moderate (1-3 cigs/week) smokers, weighed between
States to four cannabis cigarettes (27 mg THC) in an Inclusion criteria for non-smokers: Not reported 154-175 lbs, and
unventilated room were 21-27 years
Multiple trials: No old
Non- NR
smokers:3
Niedbala, Intervention: Participants were placed in severe Participant selection: Volunteers, does not state Smokers: 8 | 18to 24 years of | Intercept collector 16
2005, secondhand smoke conditions in an unventilated van for | recruitment strategy age for both pads, Oral fluid,
United 1 hr Inclusion criteria for smokers: Healthy, Caucasian groups urine analysis
States Multiple trials: Two trials, each with four smokers and males who reported infrequent cannabis use in the
four passive inhalers. Trial 1 5.4% THC, and Trial 2 past Non- 34 to 50 years
10.4% THC. Inclusion criteria for non-smokers: Healthy, smokers:8 old for the first
Caucasian males who tested as cannabis-free prior group, and 25 to
to the study based on oral fluid, urine tests, and 50 years old for
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1
2
3 self-report data the second group
4
5
6
7 Niedbala, Intervention: Participants sat in a sealed room, smokers Participant selection: Volunteers, does not state Smokers: 5 | 21 to 25 years Air sample, Oral 15
8 2004, consumed one cannabis cigarette each with an recruitment strategy old fluid analysis,
United approximate THC level of 1.75% Inclusion criteria for smokers: Healthy, caucasian urine analysis
9 States Multiple trials: No males vyho reported prior infrequent use of Non- 37 to 49 years
10 ;anlnat.ns veria tors: Health smokers: 4 | old
11 nclusion criteria for non-smokers: Healthy,
12 caucasian males who tested as cannabis-free prior
to the start of the study
erez- ntervention: Four subjects smoked cannabis cigarettes articipant selection: Not reporte ‘mokers: ree males, resence in
13 P T Four subj ked bis cig Participant sel Not reported Smokers: 6 | Th 1 THC p i 16
14 Reyes, in the presence of two non-smokers in both a room Inclusion criteria for smokers: Experienced three females; air, Urine analysis
15 1983, (Trials 1 & 3) and a car (Trial 2), biological samples marijuana users .. healthy and (EMIT), blood
16 United were taken and compared between smoking and non- Inclusion criteria for non-smokers: Marijuana- of normal weight | samples
States smoking groups. naive subjects and height in
17 Multiple trials: Three; Trial 1 with two cigarettes with relation to their
18 2.5 and 2.8% THC, Trial 2 with two cigarettes with age and sex.”
19 2.8% THC, and Trial 3 with four cigarettes with 2.8% Non- Three males,
20 THC smokers: 6 three females;
“...healthy and
21 of normal weight
22 and height in
relation to their
23 age and sex.”
24 Rohrich, Intervention: Individuals were exposed to marijuana Participant selection: NR Smokers: 8 | NR Blood testing 15
25 2010, smoke in a Dutch “coffee shop with ventilation (% THC | Inclusion criteria for smokers: Active smoker in to 25 at one (Inspec), urine
26 Germany not available) the coffee shop at the time time analysis (GC-MS)
27 Multiple trials: No Inclusion criteria for non-smokers: No history of Non- 4 male, 4 female
cannabis use, and no contact with cannabis in the smokers: 8
28 month proceeding the experiment
eidenberg, | Intervention: A number of heavy marijuana smokers articipant selection: ‘mokers: rine analysis,
idenb 1 A ber of h ij k P l NR Smokers: 5 | NR Uri lysi 14
30 1977, consumed cannabis around a placebo smoker in a locked | Inclusion criteria for smokers: NR Subjective
31 United ward (THC level not reported) Inclusion criteria for non-smokers: NR Non- NR reporting, physical
32 States Multiple trials: No smokers: 1 exam
33
34
35
36
37
38
39
40
41
42
43
44
45
46 For Peer Review Only
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: PRISMA 2009 Checklist

3

4 . . s .- Reported

5] Section/topic # Checklist item

6 on page #

g TITLE

g| Title 1 | Identify the report as a systematic review, meta-analysis, or both. 1

11 ABSTRACT

12 Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, | 3

13 participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and

14 implications of key findings; systematic review registration number.

1

1ZINTRODUCTION

17 Rationale 3 | Describe the rationale for the review in the context of what is already known. 5-6

1

19 Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, | 6
outcomes, and study design (PICOS).

20

g-g METHODS

2‘; Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide N/A

24 registration information including registration number.

25§ Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 7

gf’ language, publication status) used as criteria for eligibility, giving rationale.

2g Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 6

20 additional studies) in the search and date last searched.

30 search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be Appendix

g-L repeated.

3;§ Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 7

34 included in the meta-analysis).

35? Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 7-8

2(; for obtaining and confirming data from investigators.

38 Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 7-8

39 simplifications made.

40 Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 8

j& studies done at the study or outcome level), and how this information is to be used in any data synthesis.

43 Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 8

jﬁ: Synthesis of results 14 Descri?e the methods of handling data and combining results of studies, if done, including measures of consistency 8

46 (e.g., I for each meta-analysis. Eor Peer Review Only

47

48

10
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PRISMA 2009 Checklist

Page 1 of 2

Section/topic

Checklist item

Reported
on page #

1 it
2
3
4
5
6
7
8| Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 8
9 reporting within studies).
1
1 f Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating | N/A
1', which were pre-specified.
13 RESULTS
15; Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at | 9
16 each stage, ideally with a flow diagram.
17 Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and | 9
13 provide the citations.
1 D
20 Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 9
2-& Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 10-12
g:; intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.
24 Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. N/A
g‘f Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15). 9
D
27 Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). N/A
28
29 DISCUSSION
30 Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 12-14
g-L key groups (e.g., healthcare providers, users, and policy makers).
3;§ Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 14
34 identified research, reporting bias).
g;? Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research. 12-14
D
g" FUNDING
3¢ Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the | 2
4 systematic review.
41

42 From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097.
43 doi:10.1371/journal.pmed 1000097

44
45
46
47

48
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